CONTACT SENSOR. AND APPARATUS FOR PROTECTING A 



PROTRUDING COMPONENT 



CROSS REFERENCE TO RELATED APPLICATIONS 

This invention claims priority of the German patent application 101 
06 699.6-42 which is incorporated by reference herein. 

FIELD OF THE INVENTION 

The invention concerns a contact sensor and an apparatus for 
protecting a protruding component. 

BACKGROUND OF THE INVENTION 

Apparatuses that detect the approach of a moving component 
toward surrounding components, in order to prevent an imminent collision that 
might damage the components, are widely known. Contact switches, which are 
available in many configurations, may be used as an extremely simple 
embodiment. 

DE 42 34 375 discloses an apparatus for protecting personnel and preventing 
collisions of driverless forklift vehicles, which comprises a light barrier between 
the tine tips of the lifting fork. 

Unexamined Application DE 37 00 009 Al discloses an optoelectronic safety 
zone apparatus for protecting moving or stationary objects from improper contact 
or collision, in which an optoelectronic distance sensor, which sweeps a light 
beam over an adjustable angular range, is used. By ascertaining the size of the 



light beam spot on surrounding objects, conclusions are drawn as to the distance; 
if it falls below a safe distance, a signal is outputted. 

The known apparatuses have the disadvantage that initially they can sense relative 
approaches only from one direction. Only by pivoting the apparatus or by using 
several apparatuses oriented for different directions can approaches from different 
directions be sensed. 

Particularly when additional pivoting or complex sensing and analysis of 
measured values (for example determination of a light spot size) is necessary, 
switching delays occur during which the undesired approach continues. 

Contact switches can be configured in such a way that they have short switching 
travels. They have, however, the previously mentioned disadvantage that they 
sense approaches only from one direction. In addition, contact switches have a 
very large physical extension compared to the switching travel, in exactly that 
direction. Especially when contact switches must be used for all spatial directions, 
movement clearance is greatly restricted or additional space must be provided. 

In an ultrahigh-accuracy coordinate measuring machine, a very heavy XJY 
measurement stage made of Cerodur, sliding on an air bearing and carrying a 
specimen whose features are to be measured, is displaced with an accuracy of a 
few nanometers. With a measurement machine of this kind, for example, feature 
widths or feature spacings of a wafer exposure mask can be determined. The 
relative position of the XJY measurement stage is measured interferometrically. 
An objective is arranged above the specimen, and a condenser below the 
specimen. The specimen can be examined microscopically in both an incident- 
light and a transmitted-light configuration. Contact sensors must be implemented 
in order to protect protruding components from, in particular, collisions with the 
heavy XJY measurement stage. 

The components of an ultrahigh-accuracy coordinate measuring machine of this 
kind are manufactured from very expensive materials that are difficult to machine. 



The components, in particular the measurement stage, should therefore be no 
larger than necessary. A space-saving configuration must also be selected in view 
of the high cost of the clean-room space in which such measurement machines are 
installed. In this context, the use of contact sensors or contact switches that require 
a great deal of installation space is disadvantageous. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to describe a 
contact sensor , which is sensitive for contacts or impacts from several directions 
and which operates quickly and is reliable. 

The above object is achieved by a contact sensor comprising: an impact element 
movably connected to a housing part, a light source defining an emission surface, 
a receiving element defining a receiving surface arranged opposite the emission 
surface of the light source. 

It is furthermore an object of the present invention to create an apparatus for 
protecting a protruding component which operates quickly and reliable. 

The aforesaid object is achieved by an apparatus comprising a housing part to 
which the protruding component is connected, an impact element movably 
connected to the housing part, a light source defining an emission surface, a 
receiving element defining a receiving surface arranged opposite the emission 
surface of the light source. 

It is an other object of the invention to create an a high-precision measurement 
machine, which avoids the damage of optical components. 

The aforesaid object is achieved by a high-precision measurement machine 
comprising a housing part to which a optical component is connected, an impact 



element movably connected to the housing part, a light source defining an 
emission surface, a receiving element defining a receiving surface arranged 
opposite the emission surface of the light source. 

The contact sensor according to the present invention has the advantage that 
contacts from a variety of directions can be detected without a great deal of 
equipment complexity, for example pivoting or duplication of the sensor. 

The contact sensor is preferably configured such that in the event of even very 
small displacements of the impact detection element, the light path between the 
emission surface and receiving surface is interrupted. For that purpose, the 
emission surface and receiving surface are configured to be as small as possible. 
The length of the switching path is then of the same order as the diameter of the 
emission surface or receiving surface. In a very particularly preferred 
embodiment, the emission surface is defined by the end of at least one light- 
guiding fiber. The light-guiding fiber simultaneously transports the light of the 
light source. The use of a light-guiding fiber bundle is also possible, the exit 
surfaces of the individual light-guiding fibers of the light-guiding fiber bundle 
then defining the emission surface. 

In a simple embodiment of the contact sensor according to the present invention, 
an intensity sensor is associated with the receiving surface. This can be, for 
example, a semiconductor detector, a photodiode, or a photomultiplier. A further 
light-guiding fiber or a further light-guiding fiber bundle can be arranged between 
the receiving surface and the intensity sensor. The light source can be, for 
example, a laser, a light-emitting diode, or an incandescent lamp. Preferably a 
semiconductor laser is used. 

In a particular embodiment, the receiving surface is a reflective surface that directs 
the light emitted from the emission surface onto at least one further emission 
surface that is defined by the cross section of a light-guiding fiber. Said light- 
guiding fiber transports the light to the intensity sensor. 



The impact detection element can be movably connected to the housing part in 
various ways. Preferably the connection comprises one or more elastically 
bendable rods. The rod is preferably connected to the housing part via a baseplate, 
which makes the contact sensor easier to assemble. 

The impact detection element, the baseplate and its connection (for example, the 
at least one rod), and the receiving element can be manufactured together in a 
single piece. In a further preferred embodiment, the light source is mounted on the 
baseplate. 

Preferably the receiving surface and emission surface are arranged one directly 
above another. Since the light bundle emerging from the light-guiding fiber end is 
highly divergent, to prevent light losses it is advantageous to configure the contact 
sensor in such a way that the light path between receiving surface and emission 
surface is smaller than the cross section of the emission surface. Instead of this, 
however, it is also possible to arrange between the receiving surface and emission 
surface an optical system that, for example, focuses the light proceeding from the 
emission surface onto the receiving surface. 

The intensity sensor generates an electrical signal proportional to the power level 
of the light striking the emission surface. Said signal can serve to control the 
movement sequence that has caused the contact against the impact detection 
element and thus the electrical signal. In the simplest case, the movement is 
stopped. The movement speed can also be reduced by being controlled in open- or 
closed-loop fashion or can be monitored. 

If the emission surface and receiving surface are sufficiently large, a small 
displacement of the impact detection element can bring about only a partial 
interruption of the light path between the emission surface and receiving surface, 
which is expressed as a decrease in the amplitude of the electrical signal. From the 
change in amplitude, conclusions can be drawn as to the distance over which the 
impact detection element was displaced. 
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In a particular embodiment of the apparatus for protecting a protruding 
component, the impact detection element at least partially surrounds the 
component to be protected. 

In very particularly advantageous fashion, the apparatus according to the present 
invention can be used in a high-precision measurement machine. Since the impact 
detection element can be configured in very space-saving fashion, no additional 
space is required; not the least of the results is that the production complexity and 
production costs of the measurement machine are greatly reduced. 

In a specific embodiment, the impact detection element surrounds the condenser 
of a high-precision measurement machine and, by outputting a signal that stops 
the movement operation, protects the condenser from collisions with the heavy 
X/Y measurement stage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter of the invention is depicted schematically in the 
and will be described below with reference to the Figures, in which: 

shows an embodiment of the contact sensor in a three-dimensional 
perspective view; 

shows the contact sensor of FIG. 1 in a plan view; 

shows the contact sensor of FIG. 1 in a side view; 

shows the contact sensor of FIG. 1 in a side view, upon collision with a 
component; 

shows the detection system of the contact sensor; and 



drawings, 
FIG. 1 

FIG. 2 
FIG. 3 
FIG. 4 

FIG. 5 



H 5357 US 
29.11.2001 « 



-7- 



FIG. 6 shows a high-precision measurement machine having an apparatus for 
protecting the condenser. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows a contact sensor 1 according to the present invention. 
Impact detection element 3 is movably connected, via four flexible steel rods 5, 7, 
9, 1 1, to a baseplate 13. Baseplate 13 has a first orifice 15 and a second orifice 17 
K for mounting onto a housing part (not shown in this Figure), as well as an opening 

C3 1 9 that, together with impact detection element 3, surrounds a space into which a 

SI protruding component is introduced. A light-guiding fiber bundle 21 is guided 

n i 

C= through baseplate 1 3 . A first half of the light-guiding fibers of light-guiding fiber 

W bundle 21 transports the light of a light source (not shown here) to emission 

p surface 23, which is formed by the end surfaces of the first half of the light- 

; ' guiding fibers of the light-guiding fiber bundle. A further steel rod, whose 

I'l reflective end surface forms a first receiving surface 27, serves as receiving 

!"= element 25. 

Receiving surface 27 is arranged opposite emission surface 23. The end surfaces 
of the second half of the light-guiding fibers of the light-guiding fiber bundle form 
a further receiving surface 29. The light proceeding from emission surface 23 
therefore first arrives at first receiving surface 27 and is reflected there to further 
receiving surface 29. The light is guided through the second half of the light- 
guiding fibers of light-guiding fiber bundle 21 to an intensity sensor (not shown 
here). The layout of the first and second halves of the light-guiding fibers of light- 
guiding fiber bundle 21 is depicted in FIG. 5. A retaining block 31, through which 
fiber optic bundle 21 extends and in which it is adhesively bonded, is installed in 
order to immobilize fiber optic bundle 21. 

FIG. 2 shows contact sensor 1 in a plan view. Steel rods 5, 7, 9, 1 1 and receiving 
element 25 are soldered into impact detection element 3. 



FIG. 3 shows contact sensor 1 in a side view. In the initial state, receiving surface 
27 is located opposite emission surface 23. 

FIG. 4 shows contact sensor 1 in a side view, upon collision with a component 33 
that moves, in the direction indicated with directional arrow 35, toward impact 
detection element 3 of contact sensor 1. As a result of the displacement of impact 
detection element 3, receiving element 25 along with receiving surface 27 is also 
displaced laterally out of the initial position, so that it is no longer located 
opposite the emission surface and thus no longer reflects light. Accordingly, no 
light arrives at further receiving surface 29 or, therefore, at the intensity sensor. 
The change in the measured intensity is detected and results, by way of an 
electronic circuit (not depicted here) in stoppage of the movement of component 
33. 

FIG. 5 shows the detection system of the contact sensor according to the present 
invention. A first half of the light-guiding fibers 37 of light-guiding fiber bundle 
21 transports the light of a light source 39 to emission surface 23, which is formed 
by the end surfaces of the first half of light-guiding fibers 37 of light-guiding fiber 
bundle 21. Steel rod 25, whose reflective end surface forms first receiving surface 
27, serves as receiving element 25. First receiving surface 27 is arranged opposite 
emission surface 23. The end surfaces of the second half of light-guiding fibers 41 
of light-guiding fiber bundle 21 form a further receiving surface 29. The light 
proceeding from emission surface 23 thus first arrives at first receiving surface 27 
and is reflected there to further receiving surface 29. The light is guided through 
the second half of light-guiding fibers 41 of light-guiding fiber bundle 21 to an 
intensity sensor 43. Fiber optic bundle 21 is guided in a single bundle in the region 
of emission and receiving surfaces 23, 29, and after a certain distance splits into 
first and second halves 37, 41 of light-guiding fiber bundle 21. The intensity 
sensor is configured as a photodiode that generates an electrical signal, 
proportional to the power level of the incoming light, which is further processed 



electronically. In this exemplary embodiment, the light source comprises a diode 
laser. 

FIG. 6 shows a high-precision measurement machine 45 having an apparatus for 
protecting a condenser 47. In ultrahigh-accuracy coordinate measuring machine 
45, a very heavy X/Y measurement stage 49, which slides on an air bearing and is 
produced from Cerodur and which carries a specimen 51 whose features are to be 
measured, is displaced with an accuracy of a few nanometers relative to a 
microscope optical system. The relative position of the X/Y measurement stage 49 
is measured interferometrically. Specimen 51 can be examined microscopically in 
both an incident-light and a transmitted-light configuration. In incident-light 
examination, specimen 51 is illuminated with light 53 of a first light source 55 
through a microscope objective 57. Arranged between first light source 55 and 
microscope objective 57 is a beam splitter 59 that reflects light 53 coming from 
first light source 55 to the microscope objective, and allows light 61 emerging 
from specimen 5 1 to pass, so that it arrives at a detector 63 that is embodied as a 
photomultiplier. Specimen 51 is scanned by displacement of the X/Y 
measurement stage. In the transmitted-light configuration, specimen 51 is 
illuminated from below by a second light source 65 through condenser 47. 
Transmitted light 67 is detected in detector 63. 

X/Y measurement stage 49 has in its inner region an opening 69 within which 
condenser 47 can be guided close to specimen 51 resting on the edge. The 
condenser is mounted on a housing part 79. The X/Y measurement stage is driven 
by an electric motor 71, and slides on an air bearing 83 that is configured between 
the X/Y measurement stage and a plane-polished granite table 81 . Since the 
movement range of the X/Y measurement stage is larger than opening 69 in the 
inner region, collisions could occur between condenser 47 and the X/Y 
measurement stage. To prevent any collision, an apparatus for the protection 73 of 
condenser 47, containing a contact sensor 1, is provided. Because of the compact 
design of contact sensor 1, in particular of impact detection element 3, the 
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freedom of movement of the X/Y measurement stage is restricted at most 
insignificantly. The contact sensor corresponds in terms of configuration to that 
illustrated in FIG. 1 through FIG. 5. The apparatus for the protection 73 of 
condenser 47, which is mounted by way of a baseplate 13 on housing part 79, 
contains a control unit 75 in which a light source 39 and an intensity sensor are 
implemented. As already described, the light of the light source passes through the 
first half of light-guiding fibers 37 of light-guiding fiber bundle 21 to emission 
surface 23. The light proceeding from receiving surface 27, 29 passes through the 
second half of light-guiding fibers 41 of light-guiding fiber bundle 21 to control 
unit 75, and therein to intensity sensor 43. In the event of a decrease in the 
intensity signal, a stop signal is conveyed via line 77 to electric motor 71. 

The present invention was described with reference to a particular exemplary 
embodiment. It is nevertheless self-evident that changes and modifications can be 
made without thereby leaving the range of protection of the claims recited 
hereinafter. 



